Accuracy and abilities of the ECE diagnostic system planned to be installed in the W7-X stellarator are analysed with help of ray-tracing simulations. For the expected plasma parameters, the spatial resolution of the standard low-field-side (lfs) X2-mode observation scheme is estimated to be sufficiently high, about 5%.
I. INTRODUCTION
ported by transport simulations [5] ) is 3 -10 keV. For a highly localized deposition profile, one has to expect the appearance of supra-thermal electrons. The main launch ports are situated at the low-field side near the "bean-shaped" plane, and the input power must be absorbed mainly by passing electrons. As an option, also the port near the "triangular" plane can be used (currently under discussion), where the power can be launched from the high-field-side (but from the outer side of device). This scenario gives a direct way to produce the supra-thermal electrons and to study their influence on the transport physics [6, 7] .
The standard scheme of ECE measurements at the 2nd harmonic X-mode is based on i) a good (spatial) localization of the "emission line", which means a high optical thickness of the plasma for an observed radiation and sufficiently high d f e along the sightline, and ii) a Maxwellian electron distribution function. While for the appropriate frequency range the first condition is well satisfied (the ECE diagnostic system is planned to be installed near the "bean-shaped" plane is largest, see Fig. 1 and Fig. 2 ), the second one can be violated, especially for low density ECR heated plasmas. For a highly localized deposition profile, one has to expect an appearance of a significant supra-thermal population of electrons. Nevertheless, for more or less typical discharge parameters the bulk electrons are very close to Maxwellian. In the standard lowfield-side (lfs) observation scheme, the main contribution in the emission is usually produced by these bulk electrons with energies of not more than roughly s W t v u , i.e. the measured ECE spectrum is close to the thermal one.
The detection of non-thermal effects requires a special technique. The attractive idea of using vertical chords with for an appropriate range of -values). Another factor which forces one to take great care in interpretation of vertical ECE data is the possible bending of the radiation rays near the resonances due to thermal effects [9] , which can be negligible only for very low densities. However, a high-field-side (hfs) observation (especially along the same sightline as the lfs one [10] ) appears to be much more promising: despite the moderate spatial resolution of a hfs ECE diagnostic, the existence of supra-thermal electrons can be identified by comparison of both lfs and hfs ECE spectra. Abilities of a hfs diagnostic as a tool to indicate the emission of suprathermal electrons in tokamaks have been examined both theoretically and experimentally [11] [12] [13] ,
where the high sensibility of the non-thermal ECE is confirmed. But the interpretation of the hfs measured ECE spectra is not trivial and requires special attention.
Apart from the lfs and hfs observations near the "bean-shaped" plane, the use of the "trian-
, near the minimum of x y ) is also under discussion. Here, x y decreases along the sightline (from outside to inside) similar to the hfs case near the d f e plane discussed
above. An additional advantage of the "triangular" plane for ECE measurements is the possibility to identify the trapped electron's contribution in ECE, which is much smaller (or even absent) near the "bean-shaped" plane, where the maximum of is located.
II. RESULTS OF RAY-TRACING SIMULATIONS
The ECE spectrum and its spatial resolution are calculated by a newly developed ray-tracing code, which operates with magnetic field configurations obtained from VMEC [14] calculations.
For the simulations, the so-called W7-X "standard" vacuum configuration was used. The absorption coefficient and the emissivity are defined in the general formulation (see, e.g. Ref , is obtained from the radiative transport equation
of the integral emission intensity is reached, is called the center of the (asymmetric) emission line.
Including in the integral emission intensity only 90% of the total value, the respective width of the emission line is estimated by "cutting off the rest of its wings". As the final step, the "weighted"
center of the emission line,
, together with its wings are mapped onto the magnetic coordinates, producing
and the appropriate "error bars". The approach for calculating the emissivity and reabsorption (integration along the resonance curve in momentum space) gives the possibility to estimate also the velocity range of electrons, which produce the main contribution to the measured emission.
The aim of this work is to estimate the contribution of the supra-thermal electrons in ECE.
In principle, in order to study this effect in details, Fokker-Planck simulations are required. Nevertheless, for preliminary estimations of the non-thermal contributions in the ECE spectrum (without looking to any concrete scenario), it is sufficient to use the simplified bi-Maxwellian model.
The electron distribution function is represented as
, with
ing Maxwellian distribution functions, the main one and the supra-thermal one, respectively.
For the highly localized ECRH deposition profile, it is also assumed, that the supra-thermal fraction exists only near the axis,
5 cm, with a Gaussian shape of its weight,
. Radial dependence of the supra-thermal fraction temperature is defined in a similiar way,
. In this paper, the supra-thermal fraction is assumed as
, which corresponds to 15% of the energy contained in supra-thermal electrons in the plasma center. Despite its crudeness, this model is more or less adequate to the expected quasi-linear flattening of the electron distribution function, producing a non-negligible supra-thermal fraction in the most interesting range,
. (Note, that usually, excluding exotic conditions, the more high-energy tails,
, are not so important due to their negligible contribution in the ECE spectrum.)
Simulations are performed for
with an almost flat profile near the axis (within the heated region), and for a peaked
keV. The magnetic field on axis at the "bean-shaped" plane,
, is taken to be
The port for the main lfs ECE antenna (see Fig. 2 ) is situated at In other words, the down-shifted emission of energetic electrons near the axis, which propagates in the direction of increasing is not reabsorbed, and can be identified in the measurements.
The importance of this difference between the lfs and hfs spectra for the interpretation and for the "mapping" of it onto the radius, is demonstrated in Fig. 5 . Here are shown the major radius projections of the weighted center of the emission line, D
, versus the corresponding "cold" resonance (major radius) position,
. As expected for the lfs spectrum, % is very close to , being down-shifted by not more than 2 cm. But the hfs spectrum has Y strongly shifted below inside the plasma. In fact, the spatial location of the emission line is dominated by reabsorption, and not by emission.
In principle, the low-frequency part of the lfs spectrum ( 6 w GHz) also contains the information about the supra-thermal electrons from the central region (see Fig. 3 ). Nevertheless, due to non-locality (for these frequencies the plasma is optically thin) it is almost impossible to distinguish the emission from the periphery and the central regions of the plasma. For confirmation, we refer to the ECRH experiments at W7-AS [6] , where the described feature (low frequency "hump") was observed. The main conclusion there was that these results cannot be simply interpreted as the emission by suprathermal electrons located only within the narrow deposition profile. The results were very sensitive to the scenario, and this low frequency "hump" was most pronounced in the case of X2-mode heating with a minimum of in the launching plane, when a significant contribution to the radial transport was produced by the ECRH-driven convection [7] .
One can compare also the velocities of electrons, which contribute to the emission (Fig. 6 . As was already discussed above, the reason is that the periphery plasma is optically thin for the downshifted 2nd harmonic emission from the (fast) electrons coming in lfs direction from the plasma center.
For another scenario with off-axis non-Maxwellian electrons, the comparison of hfs and lfs should be a powerful tool. In Fig. 6 (right 
) , and they can be used for verification of the 2nd harmonic measurements. In principle, exactly this range of energies is expected to be influenced by ECRH, but a clear indication of any disturbance of the distribution function requires special attention.
Note, that the non-thermal disturbance (bi-Maxwellian model), used for the simulations, does not produce any noticeable effect in the 3rd harmonic frequency range. Another interesting application of the 3rd harmonic frequency range is the estimation of the inner wall reflection coefficient, which can be done by comparison of the optically thick 2nd harmonic and optically thin 3rd one [17, 18] .
The ECE diagnostic observation with (almost) perpendicular sightlines does not contain any information on the electron current. In that sense it should be interesting to analyse also the abilities of an oblique observation. This method was discussed also in [19] , and it was estimated to be somewhat promising. For W7-X there is the possibility (under discussion now) to use anglescanning of the lfs antenna (the hfs antenna does not have this possibility). In order to model this option, the ECE spectrum has to be calculated for a plasma with an asymmetric electron distribu- 
õÖ
) . The ECE spectrum is qualitatively the same as for the hfs in the "bean-shaped" plane, with down-shifted frequencies corresponding to the lower ë . In Fig. 7 ,
is much less than for 2nd harmonic lfs spectrum, but quite suitable for the identification of the emitting region.
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